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Workload Control: Successful Implementation Taking a 
Contingency-based View of Production Planning & Control 
 
Abstract 
Purpose:  To present a successful implementation of a comprehensive Workload Control 
(WLC) concept;  and to describe the associated implementation process. 
Design/methodology/approach:  Longitudinal action research using a contingency-based 
approach to ensure alignment between: the case company and the characteristics of the WLC 
approach; and the resulting expected improvements in performance.  A set of 17 issues and 
responses from the literature is used as a checklist for implementing WLC.  
Findings:  Performance improvements include reduced lead times; significant improvement in 
lateness and tardiness; reduced costs; improve d internal and external co-ordination; and 
higher quality. The relevance of 15 of the 17 implementation issues from the literature is 
confirmed along with the same response for 10 issues and an improved response for 5 issues. 
In addition, 3 new issues ar e identified and addressed.  
Research limitations/implications:  Dependability was a more important competitive priority in 
this company than speed; and therefore the ability of WLC to reduce lead times was not fully 
assessed. 
Practical implications: The importance of a contingency-based approach to production 
planning and control is confirmed. Comprehensive WLC appr oaches are closely aligned with 
the high-variety/low-volume context of  Make-to-Order (MTO) companies. 
Originality/value:  This is the first paper that shows performance improvements resulting from 
WLC alongside a detailed discussion of the implem entation process. Few examples of successful 
implementations have been published previously, and these tend to treat the implementation 
process as a ‘black box’. Where more detail on the implementation process has been given in 
previous studies, evidence of effectiveness in practice was not provided. 
 
Keywords:  Workload control; Implementation pr ocess; Make-to-order; Production 
planning & control; Action research. 




1. Introduction  
Although Production Planning & Contro l (PPC) is a seemingly mature  topic, authors such as 
Tenhiälä (2010) have called for further research so more successful implementations of 
appropriate PPC methods can be  achieved. Tenhiälä (2010) s uggested many implementations 
fail because a contingency-based view is not ta ken when selecting a PPC approach, thus firms 
attempt to implement systems that are inapplicable. It follows that there is a need to develop 
approaches that are contingent on key company characteristics, including production strategy 
and process type. Workload Control (WLC) is one such approach, primarily designed for the 
Make-To-Order (MTO) sector where job shop configurations are common. Land & Gaalman 
(2009) indicated that such companies continue to have inadequate planning information for 
sales decisions but that WLC is  uniquely placed to meet their PPC requirements, particularly 
among Small & Medium sized Enterprises (SMEs). 
A particular focus of this paper is on the process required to successfully implement WLC. 
Firstly, there are issues that may exist for any concept, such as those related to resistance to 
change. Authors such as Hendry et al.  (2008) indicated that this can  be particularly difficult 
when a concept is not well-know n amongst practitioners, as is the case for WLC. Secondly, 
many practical issues arise for which theoretical research has made simplifying assumptions; 
as a result, refinements to PPC theory may be  identified to enable a better fit with the 
production environment in practice. For this re ason, implementations of new research ideas 
are often followed by a return to the ‘drawing board’ to refine the underlying concept. For 
example, Thürer et al.  (2010a) described their simulation study as a return from case study 
research to theory development in which they consider how WLC theory can be refined to 
handle the varying job sizes and rush orders  observed in practice. In addition, Perona et al.  
(2009) encouraged greater interaction between research and practice when PPC approaches 
are developed, so that incremental improvements that bridge gaps between the theoretical 
methods and everyday production can be found. It is therefore argue d that there is a need for 
more participation with companies through action research to develop and refine PPC 
approaches such as WLC, whilst also expl oring how to implement them successfully. 
Many WLC methodologies, varying in sophisticati on, are described in the literature (see 
Land & Gaalman, 1996). The common denominator is the use of a pre-shop pool and job 
release mechanism (Wisner, 1995). Firstly, jobs are held back in a pre-shop pool to regulate 
congestion on the shop floor. While in the pool, unexpected changes to quantity and design 
specifications can be accommodated.  Secondly, jobs ar e released in time to meet Due Dates 
(DDs) whilst ensuring workload levels do not exceed certain limits. Thus, WLC partially 
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embodies lean manufacturing principles in a MTO context where a full implementation of 
lean, e.g., using kanban signals, is not feasible (Stevenson et al. , 2005). As is argued by 
Fredendall et al.  (2009), WLC sets an upper limit on Work-In-Process (WIP), creating a pull 
system which is an essential element of lean production. As a result, the shop floor consists of 
a series of short queues making it independent of variations in the incoming order stream 
(Bertrand & Van Ooijen, 2002), reduci ng WIP and lead times (Hendry et al ., 1998).  
While all WLC approaches have a pre-shop poo l and job release mechanism - meaning the 
shop floor is less congested and only a simple dispatching rule is needed (Kingsman, 2000) - 
the most comprehensive cover four PPC stages : customer enquiry planning, when bids are 
made; job entry planning, when jobs are confir med; job release; and (simplified) priority 
dispatching.  At each stage, input/output control is exercised simultaneously by planning 
capacity (output) at the same time as making decisions regarding the jobs (input).  The 
evidence presented by Land & Gaalman ( 2009) suggests a need for more successful 
implementations of comprehensive WLC approaches; and, more research evidence to 
determine the effect such approaches have on key performance measures.  
To date, most WLC research attention has focused on theoretical development of the 
concept. Relatively little WLC research has fo cused on implementing the concept in practice. 
Where successful implementations have been reported (e.g., Bechte, 1994; Park et al., 1999), 
the implementation process itself has been treated as a ‘black box’, t hus detailed information 
on how  success was achieved is limited. Thus there is a significant gap in the literature to 
describe a successful implementation along with an understanding of the implementation 
process itself. There is also insufficient empirical evidence on the impact of WLC on key 
performance indicators for MTO companies. Such research may facilitate more widespread 
adoption of WLC in practice. This paper se eks to contribute by describing a longitudinal 
action research project conducted over more than three years with a subcontract precision 
engineering company in which a comprehensive WLC approach was successfully 
implemented.  
The remainder of the paper is structured as follows. Section 2 reviews WLC literature, 
focusing on empirical evidence on the implementation process. Section 3 outlines the research 
method and specifies the research question before Section 4 just ifies the choice of 
performance measures used to determine whether a WLC implementation has been effective. 





2. Literature Review 
WLC research can be categorised into three broa d types: simulation studies; other theoretical 
papers and empirical papers. Simulation has been the predominant WLC research method and 
continues to be so. While many studies have focused on the job release stage, recent 
contributions have tended to focus on ways in which the method itself can be developed or to 
look at more complex practical environments. For example, Weng et al. (2008) proposed a 
new multi-agent approach and assessed its effectiveness using simulation; Lu et al.  (2010) 
considered the use of order release in a complex assembly job shop; whilst Thürer et al. 
( 2 010b) used simulation to compare two alternative WLC approaches to determine which 
would be simplest to implement in practice in terms of the ease of establishing the required 
parameters.  In addition, Fredendall et al.  (2009) used simulation to compare 25 WLC rules 
and develop WLC associated theory through a set of hypotheses. The latter authors use the 
term “WLC” in a broad sense to include CONWIP (i.e., CONstant Work-In-Progress, 
introduced by Spearman et al , 1989) and the Drum-Buffe r-Rope (DBR) concept (e.g., 
Goldratt & Cox, 1992).  
In addition to simulations, there have also been  a number of other theoretical papers which 
focus on using conceptual arguments or mathematical analysis to advance the field. For 
example, Kingsman (2000) developed a math ematical programming model of the WLC 
concept; Henrich et al . (2004) developed a contingency-ba sed framework for assessing the 
applicability of WLC; and, Fowler et al.  (2002) investigated the a pplicability of WLC to the 
semi-conductor industry. These papers play impor tant roles in developing the theory behind 
WLC and many also aid in understanding what  is relevant to WLC implementation in 
practice. However, it is argued by authors such as MacCarthy (2006) that too much research 
using either simulation or other theoretical methods simply widens the gap between theory 
and practice, if the implementation literature does not keep up with these developments.  
Finally, there have been a numbe r of empirical research papers that investigated use of 
WLC in practice. The few contributions repor ting successful cases of WLC implementation 
include those by Bechte (1988, 1994) , Wiendahl (1995) and Park et al. (1999). Whilst these 
illustrate that WLC can be used successfully in practice, a number of authors have 
commented that the performance observed in reality often differs from that seen in 
simulations, a phenomenon called the ‘wor kload control paradox’ (Stevenson et al.  2005). For 
example, Bertrand & Van Ooijen (2002) remarked  that empirical research reports reductions 
in total work order throughput time of 40–50%, wh ilst theoretical research reports reductions 
of only a few percent or even an increase in total order throughput time. Thus more research 
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is needed to determine the effect of WLC on key performance measures in a practical MTO 
environment. However, to investigate this issue, it is also necessary to develop research into 
the process of implementing WLC so that more  successful implementations can be achieved. 
Thus this topic is discussed in more detail below.  
 
2.1 Implementation Process in WLC Research 
In a case presented by Hendry et al. (1993), full implementation of WLC was obstructed by: 
the selection of an inappropriate end-user for WLC software used to implement the concept, 
leading to its misuse; a lack of  awareness in practice regarding WLC and the parameters that 
need to be set in order to use the concept; and, a reluctance or inability to meet the 
information requirements of the software, leading to neglect of the system. Among other 
insights, this work highlighted a need for the end-user to be trained in an attempt to ensure 
that WLC and associated softwa re is used appropriately.  
Contributions by Fry & Smith (1987) and Wienda hl (1995) are rare in that they are 
empirical studies which proposed and applied strategies for implementing WLC in practice. 
The former presented a six-stage implementatio n procedure which applies to the job release 
stage of the WLC concept; it does  not encompass the customer enquiry stage (important in 
customised production contexts).  Wiendahl (1995) considered the implementation of a more 
complex WLC approach - the probabilistic load -oriented manufacturi ng control method - and 
outlined an implementation process covering six stages. This includes the need to analyse 
current manufacturing performance, it explores how to change company attitudes and 
concludes with a full implementation of the proposed WLC system. While valuable, this did 
not generate a comprehensive list of the detailed implementation process that needs to be 
undertaken, including all the issues that can arise and how they should be overcome. 
Furthermore, strategy was developed in the cont ext of a particularly complex variant of WLC. 
There is a need to consider how simpler variants that may be more readily adopted by 
practitioners can be implemented. 
More recently, comparative case study analysis has provided a deeper insight into factors 
that influence WLC implementation (Hendry et al. , 2008; Stevenson & Silva, 2008). 
Stevenson & Silva (2008) focused primarily on  theoretical refinements made to the WLC 
concept during two independent longitudinal WLC case study projects. The authors also 
highlighted a number of implementation challenges, including: (1) meeting the data 
requirements of the concept; (2) the need to develop further strategies for implementing 
WLC; and, (3) the need to increase awaren ess of the concept in practice.  Hendry et al.  (2008) 
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investigated issues arising from implementing WLC through comparative case study analysis 
of two MTO companies: a capital goods manufacturer and a precision engineering 
subcontractor. The authors asked: how should implementation issues that arise in the context 
of WLC be addressed to enable improved impl ementation in practice? The study identified 17 
implementation issues based on evidence from the two cases. For some  issues, appropriate 
responses were identified (e.g., refinements to WLC theory or the development of strategies 
to overcome the issue); for others, outstanding research questions were posed. Other notable 
contributions to furthering WLC use in  practice include those by Soepenberg et al.  (2006 and 
2008). For example, through the use of order progress diagrams and WLC principles, the 
authors sought to diagnose and resolve logistic performance problems in SMEs.  
Therefore, there is a limited but growing body of evidence on the use of WLC in practice, 
but more evidence is needed to further develop understanding of the implementation process 
and add to the debate on the WLC paradox. In particular, more evidence is needed on the 
performance and implementation process of a comprehensive WLC concept including the 
customer enquiry and job entry stages, given that the majority  of previous simulation and 
empirical studies focus on the job release stage.  
In response, this paper take s the recent work of Hendry et al. ( 2 0 0 8 ) and Stevenson & 
Silva (2008) as a starting point and uses the se t of implementation issues detailed in Hendry et 
al.  (2008) as a checklist for implementing WL C through action research. The WLC method 
adopted can be described as a hierarchical approach which incorporates control at the key 
planning & control stages  of relevance to MTO companies. For a detailed description of this 
approach to WLC, referred to as the “LUM S Approach”, see Hendr y & Kingsman (1991) and 
Stevenson & Hendry (2006). This is argued to be the most comprehensive WLC method in 
the literature; it provides an end-to-end solu tion from the moment a customer enquiry is 
received.  Thus the research presented here is a further step towards the development of 
theory surrounding comprehensive WLC concepts; the required implementation process and 
associated improvements in key performance indicators in a MTO context.  
 
3. Methodology 
The main research question is: 
“ How can a WLC system be effectively implemented in practice to achieve 
performance improvements”?  
To unpack this question, it is essential to: (i ) determine whether an implementation has been 
‘successful’ by looking for improvements in key perf ormance indicators; and, if so, to ask: (ii) 
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how was ‘success’ achieved, i.e.  what key steps were undertaken during the implementation 
process? 
An action research project was undertaken in “Company Y” to answer this question 
between 2007 and 2009, with the effect of impl ementation beginning to occur in 2008; more 
limited contact continued into 2010. A longitudina l project was considered  essential to track 
the implementation process in detail and determine whether use of the WLC system was 
sustained. Action research was appropriate given the need for the research team to engage 
with the practitioners, to participate in the implementation process and observe its outcomes 
(Westbrook, 1995; Eden & Huxham, 1996; Gu mmesson, 2000; and Coughlan & Coghlan, 
2002, 2009). For example, there was a need to tr ain users of the system and educate key 
personnel in the need for a new PPC concept. Th e researchers were also involved in initially 
populating the system’s database; giving advice on how to group machines into work centres; 
determining capacity availability, etc. An element of observation was also maintained as the 
day-to-day use of the syst em was undertaken by company personnel responsible for the 
decisions that WLC supports. As the project progressed, the level of participation lessened 
and the level of observation increased. 
Action research is characterised by conscious cycles of intervention and reflection (Lewin, 
1946; Checkland, 1991), with spec ific stages specified by authors such as Coughlan & 
Coghlan (2002, 2009)  as: diagnosis, planning, action and evaluation. In this project, there was 
one ‘macro’ and several ‘micro’ cycles. At the macro level, the cycle involved the diagnosis 
of PPC-related problems at the outset of the pr oject including an inabil ity to provide a key 
customer with realistic DD quotations, and subsequent missing of promised DDs; the 
planning of the WLC implementation proce ss; the action of implementation and the 
subsequent evaluation of the project outcomes as reported in this paper. Numerous micro 
level cycles took place as specific parts of the implementation process were undertaken, 
typically during regular monthly management meetings arranged to maintain project 
momentum.  Figure 1 provides an example of a mi cro level cycle related to ‘rush’ (i.e. urgent 
short-notice) orders. The findi ngs related to this issue are discussed in Section 6. 
 
[Take in Figure 1] 
 
Much has been written about avoiding the pitfalls associated with action research and 
ensuring rigorous, high quality outcomes (Ede n & Huxham, 1996; Gumm esson, 2000; Levin, 
2003; and Coughlan & Coghlan, 2002, 2009). Two ke y themes are: (i) effective roles and 
relationships; and, (ii) appropriate data co llection methods. Regard ing the former, it is 
important to ensure good working relationships throughout the project, ensuring a common 
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purpose despite the potentially conflicting objecti ves of research and business (Baskerville & 
Wood-Harper, 1996; Eden & Huxham, 1996). This  is a complex issue, but was greatly 
facilitated in Company Y by pressure to impr ove DD adherence from a key customer and the 
potential of the WLC system to address this. A second key contributor to effective roles and 
relationships was the identification of an appropriate project champion from within the 
organisation with enthusiasm to learn and power to promote organisational change (Coghlan 
& Coughlan, 2006). Company Y’s Opera tions Director played this role at the strategic level, 
whilst the Production Controller kept  the project on track at the tac tical level. The former role 
was the most pertinent given that fire-fightin g would tend to periodically side-track the 
tactical champion. In addition, it is important that some experienced action researchers are 
involved: here, two experienced researchers worked with one new researcher thereby 
employing the “apprenticeship” model (Eden & Huxham, 1996). 
Regarding the second key issue for en suring high quality outcomes, effective 
documentation is needed through appropriate choice of data collection techniques that can be 
used by other researchers (Westbrook, 1995). The approaches used included: 
• Semi-structured pre-implementation intervie ws of 4 key members of staff and 1 key 
customer (providing more than 80% of the orders); 
• Maintenance of a research diary; 
• Minutes of the monthly planning meetings, including key evaluations of previous actions 
along with diagnosis and planning of actions for the next month; 
• Screenshots to illustrate use of the system for decision making; 
• Quantitative data on key performance measures as justified in Section 4 below; 
• Post-implementation interviews of the same  4 key members of staff and key customer. 
The questions asked at the pre- and post-impl ementation interviews enabled a comparison 
of the PPC methods before and after WLC was im plemented; and, analysis  of perceptions on 
the implementation process. Triangulation of the evidence was key, particularly where it was 
subjective. For example, evidence from th e interviews was stronger when the same 
information was collected from several of the staff interviewed. 
Data was recorded in a suitable manner for the setting, and included: audio-recording of 
formal conversations, note taking, writing down key quotations, and writing down reflections 
at intervals during the day. Tables have also been used extensively to document the whole 
implementation process, including the key implementation issues encountered and the 
responses to the issues. Where conversations were audio-record ed and transcribed, interview 
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transcripts were returned to the interviewees for validation. Before presenting these findings, 
the choice of case company is justified. 
 
3.1 Selection of Company Y  
The case company was selected as typical  of the type of company expected to benefit from 
WLC implementation (Yin, 2009). It employed 32 people (25 on the shop floor) and had a 
turnover of approximately £1.5m per year at the start of the project, and can hence be 
classified as an SME. The dominant manufactur ing strategy of the company is MTO, with 
some work produced on a repeat and some on a one-off or order-by-order basis. Company Y 
provides subcontracting for a variety of customers, including in the aerospace, commercial, 
textile and food industries and also undertakes work for ‘challenger projects’, e.g., land speed 
record attempts (partly for the publicity; this is not very profitable). MTO SMEs have also 
been the subject of othe r case studies (e.g., Hendry et al. , 2008), thus replication logic is being 
used in building up the case study evidence available (Yin, 2009). 
In addition to looking at company size and proc ess type to determine applicability, Henrich 
et al.  (2004) proposed the use of 12 product- and production process -related characteristics to 
determine the fit between a company and WLC.  Table I uses an adapted set of these 
contextual factors to show the expected fit of Company Y to the LU MS approach to WLC. 
This analysis hence looks at the more detailed company context typical of a MTO 
environment, thereby taking a detailed contingency-based approach to  the choice of PPC 
concept. For example, high routing sequence va riability and high processing time variability 
are expected in a company manufacturing a high variety of items; and low levels of 
processing time ‘lumpiness’ are due to low volum es for most products. This analysis shows a 
high level of fit for WLC overall. A key excepti on is the ratio between set-up and processing 
times which should be low enough that sequences on the shop floor are not dictated by set-up 
requirements.  It was agreed that ways to address this issue through the implementation 
process may be needed. Thus, it can be argued that there is a reasonable alignment between 
the PPC approach and company characteristics. To determine whether this alignment is in fact 
appropriate, it is important to assess the performance impacts that would be expected to result 
from WLC implementation, as discussed in th e next section, before determining whether 
those effects were realised in Company Y. 
 





4. Determining Performance Measures for WLC 
All simulation studies referred to at the beginning of Section 2 used a set of performance 
measures argued to be pertinent in the industrial context in which WLC can be applied. It is 
important to ask whether the same set of measures should be used to assess the WLC 
implementation in practice in order to determine appropriate measures for this project. This 
section addresses this by summarising and then analysing the performance measures used to 
date in key simulation studies; and also by discussing measures used in implementation 
studies to date. The performance measures used previously can be categorised into six groups: 
time-related; dependability; cost-related; work load-related; market-related and internal co-
ordination.  Table II gives examples of authors th at have used measures in each category since 
1999. 
 
[Take in Table II] 
 
Time-related factors include the total Manufact uring Lead Time (MLT), which consists of 
the ‘pool delay’ and the Shop Floor Throughput Time (SFTT). It  is claimed that WLC can 
reduce lead times in job shops (e.g., Land & Gaalman, 1996; Hendry et al. , 1998); however, 
some studies have shown an increase in the MLT, with the explanation being that whilst the 
SFTT decreases, the extra time spent in the po ol may be greater than this reduction (e.g., 
Fowler et al., 2 0 0 2 ). Thus, a number of simulations have  also considered the pool delay and 
SFTT to explain variation in the MLT. For example, Kingsman & He ndry (2002) broke the 
SFTT down further, including que uing time as a separate measure but found that it is not a 
significant performance measure in its own right. It is therefore concluded that some measure 
of lead time is important. The most important is the MLT; breaking this down into more 
detailed components is only important to understand how the MLT has changed. 
The dependability measures of lateness and/or tardiness are also included by many authors 
(e.g., Cigolini & Portioli-Staudacher, 2002; Fredendall et al., 2009). For WLC approaches 
that include a customer enquiry stage, this is key because it assesses whether the approach is 
able to better manage the DD setting process, ensuring that DDs are both realistic and 
competitive. Therefore it is argued that lateness and/or tardiness also need to be measured 
when an implementation includes the customer enquiry stage. 
Cost-related measures include WIP and ove rtime levels. Reducing capital tied up by 
restricting WIP is part of many concepts  including the lean paradigm. Equally well-
established is the effect that lower levels of WIP have on reducing lead times. Thus the level 
of WIP is affiliated with time-related measures; it can be argued that this is not important as 
long as the MLT is known. Overtime has only been studied by Kingsman & Hendry (2002), 
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but it is argued that this is a key measure, given that WLC should reduce the need for 
overtime through better planning and less ‘fire-figh ting’.  This is more likely to be achieved if 
there is effective use of output control i.e., of capacity control at all planning stages. Thus this 
is a key performance measure affecting the profitability of a company. 
Workload-related measures are of interest to many studies as explanatory variables rather 
than performance measures. For example, Fredendall et al. (2009) treated work centre 
utilisation as a controllable variable and explored the effect of different utilisation levels on 
other important measures such as the MLT. A similar argument can be applied to the number 
of jobs on the shop floor, as this is inherently controllable in a WLC system with a job release 
stage. In some studies, the number of jobs on the shop floor is a proxy measure for WIP, in 
which case the arguments used above for WIP w ould apply. “Bottleneck shiftiness” is only 
studied by Fredendall et al. (2009); the importance of  this factor is contingent on whether 
bottlenecks are problematic in a company. Rea llocation of operators is only included by 
Kingsman & Hendry (2002) and is not important in its own right. It is studied alongside 
overtime as a no-cost alternative to show the importance of first considering reallocation to 
complete work on time before assigning overtime. 
The only study identified since 2000 that in cluded a market-related measure was by 
Moreira & Alves (2009), which included the proporti on of rejected orders.  Whilst this is also 
a controllable variable, it is an important performance measure. WLC argues for the rejection 
of some orders if they cannot be completed within a competitive lead time to avoid the lead 
time syndrome (Land & Gaalman, 1996). Thus, authors such as Kingsman et al.  (1996) 
argued that the order book should be moulded so that a set of orders is accepted that can be 
profitably produced. It is important to understand  how many orders are rejected in order to 
fully understand the success of a WLC strategy.  
In studies of successful WLC implementations, similar performance measures to those 
used in simulation have been used. For exam ple, Bechte (1988, 1994) reported reduced lead 
times and inventories; the ability to maintain lead times at a planned level; to meet planned 
DDs and to maintain an appropriate work centre utilisation. Similarly, Park et al. (1999) 
reported an increased ability to meet DDs and a reduction in manufacturing costs. 
Interestingly, Park et al.  (1999) also reported  on two issues not commonly studied in 
simulations: a reduction in the time taken to process customer enquiries and in the discord 
between marketing & production departments. The former is important in an increasingly 
speed conscious society; the latter is difficu lt to measure but is clearly important for 
maintaining an efficient and effective operating environment. Thus these two measures are 
12 
 
also argued to be important. No other additional measures have been identified from the WLC 
implementation literature. 
The above discussion focused on quantitative data but it is argued here that reporting on 
quantitative data alone is insufficient to indicate a successful implementation. It is important 
to supplement this with qualitative evidence that improvements can be attributed to WLC 
rather than other environmental factors. Thus qualitative evidence should also be collected 
through interviews with key company personnel. 
In conclusion, where feasible, the following performance measures should be included in 
WLC implementation studies, and hence thes e are the key measures for this study: 
• Time-related measures: the MLT (with compone nt measures such as pool delay and SFTT 
only needed if the MLT increases); ti me to process customer enquiries; 
• Dependability measures: including lateness and tardiness, if the study includes the 
customer enquiry stage as is the case for the LUMS approach used here; 
• Cost-related measures: including overtime level to indicate effectiveness of output control; 
• Market-related measures: including th e proportion of rejected orders; 
• Internal co-ordination measures: incl uding between marketing & production; 
• Qualitative evidence to support the claim that improvements are linked to the use of WLC. 
Measures of workload are not important as performance measures but, given that this is the 
Workload  Control concept, it is expected that wo rkload would explain variability in other 
measures that do assess performance. Hence such measures should also be collected if they 
are important explanatory variables. A similar argument could be made for data on capacity. 
This study therefore sought to gather data under each heading. 
 
5. Impact of WLC Implementation on Ke y Performance Measures in Company Y 
To determine whether WLC implementation has been successful in Company Y, a 
comparison of pre-, mid and post- implementati on performance is given in Table III. The 
world economic recession meant that quantitative data for 2009 is not comparable with pre-
implementation data; and hence mid implementation data for 2008 and post-implementation 
quantitative data for 2010 is compared with the same period, April-September, in 2007. Using 
data for 2010, after a year in which contact with the research team was much reduced, 
provides evidence of sustained changes in performance that cannot be attributed to the 
Hawthorne effect (Chakravorty  & Hales, 2008). In addition, some data in Table III is 
qualitative, and this evidence needs further ju stification, which is given below after first 




[Take in Table III] 
 
This evidence indicates that MLTs and Delivery Lead Times (DLTs) have been reduced; a 
particularly significant improvement in dependability measures, including lateness and 
tardiness, and reduced costs due to reduced overtime. The MLT values are estimates as data 
was not available, thus a range is given for the post-implementation stage to represent the 
range of views of those interviewed, whilst one value is given for pre-implementation 
indicating that all interviewees were in agreement. As only estimates were available for the 
MLT, the DLT is also included. This shows only a small reduction; however, the DLT 
includes time awaiting materials and so is not wholly controlled by the company. Workload-
related measures have been included to indicate that improvements in time-related and 
dependability measures have been achieved in parallel to growth in the number of orders and 
average order quantity. Thus improvement cannot be attributed to a reduced load. 
Quantitative data on capacity is  not available, but it is known to have reduced during the 
recession in 2009 and then increased again in  2010. Thus this is not thought to be an 
explanatory factor for the data in Table III, give n that the quantitative data excludes the period 
in 2009 affected by capacity change s. The ‘strike rate’, or propor tion of bids that result in 
confirmed orders, is reported as an additional market-related measure, given that the 
proportion of rejected orders is thought to have been negligible throughout the project. Strike 
rate data was analysed more consistently as the project progressed and is  concluded to now be 
higher than before implementation. Thus the project  has also had an impact on market-related 
factors. In addition, evidence on improved intern al co-ordination was identified along with 
two additional areas: external co-ordination a nd quality-related issues . These additional areas 
had not been identified as associated with WLC implementation in Section 4. Overall, Table 
III suggests that WLC has had a significant pos itive impact on the performance of Company 
Y. 
The main thrust of the qualitative evidence is to assess whether performance improvements 
can be attributed to WLC implementation. This was particularly pertinent given the timing of 
the project, as this evidence provided insights into how the system can help a company come 
through a recession. The pre- and po st-implementation interviews investigated perceptions of 
the use of the WLC system and how it had a ffected planning & control processes. These 
interviews provided key evidence that use of WLC was gradually being improved. The 
discussion below is initially structured around the key decision points at which WLC is being 
used rather than around each performance improvement. The right-hand column of Table III 
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indicates the aspect of the WLC approach th at is argued to be responsible for each 
improvement. Links between the improvements and WLC are also indicated below: 
• At the customer enquiry stage, the Operations Director stated: “ We are actually attempting 
to manage the  [customer enquiry] process now, whereas before we were just drifting 
through.”  This includes the monitoring of strike rates which was introduced as a result of 
the project, and consequently  improved understanding of why orders are won or lost. 
Better information on capacity is particularly key here: “ In the past, we were guessing how 
much work we could take on, but now the sy stem tells us how much of a ‘hole’ [spare 
capacity]  we have ...  So we can quote for work that fills that hole.”  This was particularly 
important as the recession hit, as the company wanted to impress any new customers, 
meaning dependability was more vital than ever and had to be achieved without expensive 
overtime. They were also able to respond more quickly to enquiries as: “ everything [order 
information]  is there [in the system] .”  Thus this stage contributed to improvements in 
time-related, dependability, cost  and market-related measures.  
• At the job entry stage, the Operations Director stated: “ When we get an order, we will 
review it to make sure the lead time we quoted is achievable. Whereas before, we just got 
the orders and got on with them . If we achieved it, we achieved  it; if we didn’t, we didn’t.”  
The use of input/output control at this stage, as discussed further below means that 
Company Y is better able to manage confirme d orders, solving problems before they arise 
and, where necessary, discussing potential delays with customers at an early stage. Thus, 
key measures of time, cost and dependability are further managed at this stage. 
• At the job release stage, the Production Controller stated that: “ I ’ ve got the order book and 
I know what we need to get out [dispatch] in a month. I can make sure they [shop floor 
operators]  are not running ‘stuff’ I don’t want … I can priori tise what I’m releasing.” The 
Operations Director confirmed this, stating that they can also use: “ the system to ‘juggle’ 
things around so that  we are achieving  what the customer requires .... he [the Production 
Controller]  was able to move work to get the best benefit for the customer.” The effect of 
this in terms of reduced WIP was conf irmed by the Chief Engineer for Milling : “ We used 
to have to wait while work piled up around the machines. That was basically because we 
were releasing them too early”.  He also stated that in the past: “a job that might only take 
5 days to manufacture could ta ke a lot longer b ecause it was ‘sat’ on the shop floor 
waiting for key operations .” In contrast, he indicated that this is no longer the case and jobs 
are being held back in a pre-shop pool. The ma in contribution of this stage is hence in 
achieving improved dependability, with associated reductions in MLTs, DLTs and costs. 
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• Input/output (I/O) control is being used at all stages. For example, the Operations Director 
discussed the quotation stage: “ Sometimes you say: ‘yes’, I can do it in thre e weeks; but 
you are not really thinking about all the other jobs you’ve also got to do in three weeks, 
whereas the system is a lot more objective”  and once a job is in the system, the Production 
Controller indicated that the WLC system: “highlighted the fact that we would never get 
this job finished in ‘a month of Sundays’ if we  just ran it on one machine, consequently we 
ran it on two machines.”  He went on to say that, in general, the system will “ highlight 
manpower shortages” enabling decisions to be made on whether to reallocate operators or 
whether overtime is needed. Consequently, Company Y is now reallocating operators in a 
more intelligent way and seeing a reduced need for overtime. The Operations Director 
stated that: “ we thought we were reallocating operat ors fairly well anyway, but I don’t 
think we were really”,  and also explained that: “in the past, with a job that we couldn’t do 
on time, we would have been ‘crashing on’ unaware that we couldn’t make the delivery 
date. Now we know where and when to add in capacity to make sure we deliver on time”. 
The potential to use the system for planning during a recession was also confirmed: “ We 
can even use it [the system]  to decide whether we need to make layoffs if it gets that bad.” 
Thus, I/O control, as a key part  of each decision level, can also be linked to improvements 
in dependability and cost, and associated time-related measures. 
• Throughout the PPC stages, there is improve d internal co-ordin ation between those 
responsible for sales/marketing roles, including making quotations and liaising with 
customers, and production/engineering personnel. External co-o rdination, including 
smoother information flow, has also been confirmed by Company Y’s key customer: 
“ They’ve got much more control of the information flow going into the business ... they can 
now do the ‘number crunching’ and look at th e loading against the c apacity. They couldn’t 
do that before … This is something that all co mpanies should do, but most don’t ”. The 
importance of visibility down through the supply chain, which has been improved by using 
the system, was also highlighted by the customer: “If you can see where the job is in the 
process, it gives you good visibil ity of whether it is nearly finished….it gives you an extra 
level of confidence that they [the supplier]  are on course ... The system has made them 
[Company Y]  more fit for purpose to supply the leading aerospace companies”.  
• The additional area of quality-related measures  in Table III has been split into: quality 
improvements; and, auditing process support. Although initially unexpected benefits of 
WLC implementation, they can be intuitively explained given that a reduction in WIP is 
often thought to lead to improved quality (e .g., by reducing defects) in other approaches 
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such as the lean paradigm (Womack & J ones, 1996; Rother & Shook, 2003; Sullivan et al. , 
2002). For example, the customer stated that: “in the past, they [Company Y]  weren’t able 
to control the influx of orde rs and did not have the capability to accurately reschedule … 
when you are fire-fighting, you’ re not as focused on quality”  while the Operations Director 
of Company Y explained that: “the system and its  output look very pr ofessional, and it 
provides traceability. It is easy to follow and an auditor c an quickly look at it and evaluate 
the business … they are more confident we are doing the right things”. This is supported 
by studies on the importance of traceability to quality control (Kim et al ., 1995), and 
consequently improving customer trust and confidence (Rijswijk et al ., 2008). 
 
Overall, it can be concluded that the reporte d performance improvements can be attributed 
to WLC. It is also anticipated that further improvements could be achieved as users continue 
to gain confidence in the system and use it more ‘aggressively’. For example, it can be seen in 
Table III that the quoted DLTs ha ve not been reduced as much as the actual values. This is 
because there is still a tendency to quote conservatively when the DD is not thought to be an 
order winner (e.g. for repeat work ). Having established that this  action research project has 
led to successful WLC implementation, it is also  important to understand the process used to 
achieve this success, as discussed in the next section. 
 
6. Developing a Successful Im plementation Process for WLC 
The 17 implementation issues identified in Hendry et al.  (2008), together with proposed 
responses, were used as a framework for determining how to implement WLC in Company Y. 
The issues presented by Hendry et al.  (2008) were categorised as follows: (A) 
market/customer-related issues; (B) primary pr ocess-related issues; (C) WLC system-related 
issues; (D) organisational embedding-related issu es; and (E) information flow-related issues. 
The project confirmed the importance of 15 of th e 17 issues, and identified a further 3 issues; 
all 20 are summarised in Table IV.  Issues enco untered in this project are marked with a ‘ 9’. 
Newly identified issues are marked with an as terisk (*) and appended  to the appropriate 
category (A-E). The two issues from Hendry et al . (2008) not relevant to Company Y are 
time-span-dependent critical resources  (C3) and integration with other systems  (E2). In this 
case, bottlenecks did not move significantly between the customer enquiry stage and the job 
release stage; and no existing information syst em needed to be integrated with the WLC 
system. Instead all existing systems were repl aced. Such issues may be relevant in other 




[Take in Table IV] 
 
 Each of the 20 issues in Table IV and/or  the response is considered specific to WLC 
implementation given the characteristics of this approach. Table V su mmarises the responses 
to these issues made during the current project , indicating whether the response is consistent 
with that proposed in prior research or whether a new contribution is made (to the 
implementation strategy and/or WLC theory). For 10 of the original 17 issues, this research 
provides support for the previously proposed aspects of WLC theory or WLC implementation 
strategy. This is significant in that the support is given in the context of evidence of a 
successful implementation, which was not the case in Hendry et al . (2008).  For example, 
characteristics of order quotations  (A1) is typical of MTO companies where unrealistic 
promises may be made at the customer enquiry stage in order to win a tender. Such short term 
benefits can have knock-on effect s in the long run as the company develops a reputation for 
not delivering on time, thereby reducing their social capital (Moses et al ., 2005). The 
customer enquiry stage in WLC offers a me ans to set DDs that are both realistic and 
competitive by managing the length of time needed to process the current workload 
(Kingsman et al ., 1996). However, caref ul implementation strategy has been previously 
proposed to gradually change company practices as confidence in the WLC system is gained. 
This project provides support for this strategy as the employees gradually began to rely on the 
WLC system to determine the DDs to quote;  and as DD dependability increased, user 
confidence in the system increased likewise. Fo r other issues where the response is the same 
as that previously proposed, the response is only summarised in Table V, and not explained 
further in the discussion. 
 
[Take in Table V] 
 
 The remainder of this section focuses on responses which led to modifications to the 
previously proposed WLC implementation strate gy and/or concept before looking at how to 
address the 3 new implementation issues. Th e section concludes by summarising factors 
considered critical to the success of the projec t but which are not considered specific to WLC 
implementation as a combination of generic and specific WLC issues needs to be addressed 
for a successful implementation.  
 
6 . 1 Modified Responses to Hendry et  al. (2008) Implementation Issues 




Uncertainty at the customer enquiry stage (A2).  There is a great deal of uncertainty 
surrounding the outcome of quotations in Co mpany Y. The Customer Confirmation Time 
(CCT) varies and can depend on tendering decisi ons at other supply chain points. The length 
and accuracy of the anticipated CCT impacts the effectiveness of DD calculations in the WLC 
system. Given high CCT variability, a CCT esti mate for each customer (also changeable for 
each individual order) was introduced instead of an average value for the whole business. In 
addition, to avoid an unconfirmed job contribu ting to the Total Workload Length (TWL) for 
too long, the system prompts users to contact the customer when the anticipated confirmation 
date has passed; chasing-up quotations may al so increase order acceptance probability. 
Company Y’s strike rate also varies between customers (e.g., in differe nt industry sectors). 
An average strike rate percentage can be incorporated in the TWL calculations at the 
customer enquiry stage; however , the initial strike rate was approximately 20% for aerospace 
work, 50% for commercial work and for some particular orders, almost 100%. Hence, an 
average value was considered unsuitable. Therefore, different values were applied for 
different customers. In doing so, jobs with an  anticipated strike rate of 100% make a full 
contribution to the TWL calculation when the quotation is made. As indicated in Table III, the 
strike rate changed as the project progressed, but the ability to vary it by customer or specific 
order was retained. 
 
Rush orders (A3).  Company Y receives some rush orders from important customers, causing 
prioritisation problems. Rework also increases the workload when quality problems occur. 
Reserving capacity for rush orders and rework, as described in Hendry et al.  (2008), is 
impractical in this case since both rush orders and rework are highly unpredictable. ‘Impact 
analysis’ functionality was developed to so lve the problem of accommodating unexpected 
extra jobs with tight DDs. Under this method, if  the unexpected job canno t be included in the 
workload by the required DD, the user can change the DD (e.g., by delaying it) or determine 
the impact that expediting the job will have on other orders (e.g., potential length of delay). 
 
Hybrid production (A5).  Hendry et al.  (2008) suggested that re plenishment production was 
unlikely to be an issue in a subcontracting company, but a similar issue arose due to the 
manufacture of bespoke parts on a repeat basis – known as “kanban jobs” in Company Y. As 
a particular part of the factory was devoted to these products, the two types of production 
were decoupled so that kanban jobs (and th e capacity used to produce them) were not 
included in the WLC calculations. It was previously proposed th at replenishment parts should 
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be included in the system but only produced when the load is low; that solution would only be 
appropriate when there is seasonal demand, which is not the case in Company Y. 
 
Industry-specific processes (B4).  Some ‘special’ operations which require particular attention 
when applying WLC were identified. For exam ple, there are several different inspection 
operations, some of which do not apply to the full order quantity. The WLC method was 
designed without considering such ‘part operations’. To reflect  part-processes in workload 
contribution calculations, the ‘participation percentage’ was defined as an operation 
characteristic and incorporated in the WLC system. In addition, some jobs include operations 
performed externally by the customer. Such operations could be treated as subcontracting but 
often have long and unpredictable lead times, making it difficult to plan the job. It is 
impractical under the LUMS Approach to account for the workload of operations that only 
commence after the job is return ed to Company Y from the cust omer so the job is de-coupled 
into two. The workload of operations undertaken prior to the external operation is accounted 
for when the job is released from the pool and the remaining workload is accounted for when 
the job returns. 
 
WLC-related start up issues (C1).  For this issue, the same stra tegy was planned as previously 
proposed, i.e., the gradual reduction of workload length limits so promised lead times 
gradually became more competitive. This was proposed in preference to initially having 
expensive overtime levels while initial backlogs were implemented. However, dependability 
proved to be more important than speed for the duration of the project, and so the planned 
reduction in workload limits was not fully implemented. This explains why DLTs were not 
significantly reduced. Further research is ne eded to provide evidence on whether this 
implementation strategy could fully realise its potential in an environment where speed is a 
more crucial competitive priority. 
    
6.2 New Implementation Issues Encountered in Company Y 
 
Uncertainty after the order release stage (B5*).  Change and uncertainty on the shop floor, 
after a job has been released, impacts the re leased workload of shop floor resources. 
According to the LUMS Approach, the workload contribution of a job is added to the 
Released Workload Length (RWL) of correspo nding work centres at the moment of order 
release and deducted from the RWL of a work ce ntre when the operation has been completed. 
Any changes during the primary production process (e.g., scrap/quantity reductions) are not 
considered in the loading calculations of downstream work centres. Similarly, if a job is 
stopped indefinitely (e.g., at the customer’s re quest), the job continue s to contribute to the 
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RWL of downstream work centres. However, scrap was identified as a significant issue 
leading to a reduction in job si ze at subsequent operations (a nd, perhaps to the release of a 
‘replenishment order’). In addition, jobs ar e sometimes suspended on the shop floor or 
returned to the pool part-finishe d (defined as ‘freezing’ or susp ending a job), such as when a 
customer requests that a more urgent order takes precedence. The Production Controller 
insisted that the WLC concept be flexible enou gh to cope with such uncertainties after jobs 
have been released. The WLC system has theref ore been refined so that RWLs of downstream 
shop floor resources are decreased when scrap occurs or jobs are ‘frozen’ . This is based on the 
primary manufacturing process of Company Y but is considered a relatively generic issue.  
 
End-user choice and involvement (D4*).  Previous attempts to implement WLC have suffered 
due to the choice of an ill-informed end-user (Hendry et al ., 1993). In Company Y, the main 
end-user is the Production Controller who is in charge of planning, scheduling and order 
progress control. He received the most training and became a second project champion at the 
tactical level thus proving to be an effective end-user choice. However, other members of 
staff are responsible for new enquiries, engineering and low-level production control. Some of 
these staff were also trained to use the system, but others were unwilling or unable to do so. 
This was addressed either by informal communication or more formal meetings allowing 
interaction with the relevant staff. For exampl e, the job release stage of the system is now 
used at daily planning meetings so that release decisions have the support of all engineers 
enabling the consideration of issues such as batching jobs to reduce set-up times.  This 
therefore addresses the key area that may have caused WLC to be inappropriate to the context 
of company Y, as discussed in section 3.1 above.  
 
Accommodating functiona lity requests (D5*).  To embed WLC in an organisation, it can be 
important to accommodate functionality requests made by end-users. Several such company-
specific functions were incorporated but to avoid these ‘bells and whistles’ distracting 
attention away from the core WLC concept,  new functions were tied to encouraging 
appropriate use of the system. For example, the Operations Director requested that the system 
produce dispatch notes, which must accompany each order delivered to a customer. This has 
been accommodated but each note can only be produced if information on order progress is 
fed-back into the system – information whic h is required by WLC for shop floor control and 
to release other jobs from the pool. Hence, unlike previous functionality requests (e.g., for 
discrete scheduling functionality as requested by Company X: see Stevenson, 2006), these 
21 
 
requests can help, rather than hinder, the core WLC system. They not only generate a sense of 
ownership but also attempt to ensure the WLC system is used effectively. 
    
6 . 3 Generic Implementation Issues 
Having provided evidence for parts of the implementation process specific to WLC, a brief 
list of more generic implementation issues is given below. This describes ways in which the 
WLC implementation process is informed and/ or complemented by other literature. A full 
discussion of such issues is beyond the scope of this paper, but as these issues were critical to 
the success of this project, the description of the WLC implementation process would not be 
complete without at least alluding to them briefly. 
• Firstly, the need for ‘quick wins’, which is important for gaining appreciation and 
enthusiasm during the initial implementation stage before an initiative is incrementally 
rolled out (Coronado & Antony, 2002; Maier & Remus, 2003). This was achieved by tying 
the system to the company’s existing processes as described under D5 above. In addition to 
dispatch notes, route cards are now also produced by the system even though this is not 
part of the WLC concept or essentia l to the research project per se.  
• The training of users through a WLC simulatio n tool. Computer-based simulated learning 
tools can provide useful hands-on learning (Rauch-Geelhaar et al. , 2003; Olhager & 
Persson, 2006). This was particularly important fo r the main user as it enabled him to gain 
confidence in using the system without the danger of ‘messing up’ the real data.  
• Training in ‘alien' aspects of WLC, such as  the use of a pre-shop pool was also a key 
turning point. This was fully understood and enforced by the project champions, 
illustrating the importance of establishing roles and responsibilities both in action research 
projects and other change management  programmes (Coghlan & Coughlan, 2006; 
Schroeder et al ., 2008). 
• Holding a shop floor meeting to which all workers were invited to explain how they would 
be affected by the initiative and what role they could play, as workforce culture only 
changes when employees learn and understand new sets of behaviours (Huq et al ., 2006). 
Initially there was some resistance to change , but by listening to their views and making 
minor changes to the documentation the shop floor workers received, buy-in was achieved. 
• Involving a representative of a key customer who was responsible for supplier 
development and supported the need for better capacity planning, and consequently better 
information flow between supply chain partners. This is supported by research on the 
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influence of customer involvement in organisational innovation processes (Lundkvist & 
Yakhlef, 2004; McAdam et al ., 2007).  
• Effective project management through regular monthly planning meetings to enable the 
action research cycle and ensure project  momentum was retained (see Lock, 2007) 
 
It is therefore concluded that an enhanced version of the framework proposed in Hendry et 
al.  (2008) is appropriate to guide  the implementation process in practice; and that this needs 
to be used alongside key skills in project and change management.   
 
7. Conclusions 
This action research project, spanning more than three years, asked: How can a WLC system 
be effectively implemented in practi ce to achieve performance improvements?  This was 
answered in two parts: firstly by assessing the performance improvements that indicate 
implementation has been effective; and sec ondly by looking at the implementation process 
used to achieve success. Conti ngency theory was also used to show how the characteristics of 
the WLC approach are aligned with the contextual environment of the MTO case company; 
and to illustrate that changes in performance are attributable to the use of WLC.  
In terms of performance improvement, data confirmed that the comprehensive LUMS 
approach to WLC can lead to: reductions in time-related factors including the MLT and the 
time to process customer enquiries; increase d dependability including mean lateness & 
tardiness; reduced overtime costs and improve d internal co-ordination between sales & 
production. These improvements can be attained without increasing capacity or reducing the 
workload processed (in this case, the number and quantity of orders increased). In addition, 
evidence was found of improved external co-o rdination; improved quality performance and 
an overall improved ability to pass customer audits, which are performance indicators not 
previously associated with WLC in the literature . Thus the first contribution of this paper has 
been to provide a more in-depth understanding of the effect of a comprehensive WLC concept 
on business performance measures in a MTO SME;  whilst also adding to previous evidence to 
confirm effectiveness of the approach on key performance measures, such as reducing lead 
times, thereby enabling the lean paradigm to be adopted in a MTO context. This adds to the 
debate on the WLC paradox, as it provides evidence on a wider range of performance 
measures than is possible through simulation. 
In terms of the implementation process, the evidence indicates that existing 
implementation strategies need to be further refined to successfully embed WLC within an 
organisation. This study used the issues presented by Hendry et al.  (2008) as a checklist for 
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embedding WLC in Company Y and confirmed the re levance of 15 of the 17 issues identified 
to an additional case setting; the response to the issues is the same as in the previous study for 
10 of the issues. This finding is significant as this is the first evidence that these responses are 
workable in the context of a successful implementation. Where the response differed, this was 
an improvement on the response previously presented (see Table V). The 2 issues which have 
not been significant influences on WLC implem entation in Company Y may still be important 
in other contexts. In addition, a further 3 issu es have been identified. Appropriate responses 
for all 18 issues are described, which were either modifications to WLC theory or refinements 
to the implementation strategy. Examples of modi fications to theory include: the need to add 
‘impact analysis’ and allow released jobs to be ‘frozen’ and temporarily removed from the 
workloads. Examples of refinements to the impl ementation strategy include the need to tie the 
WLC system to existing practices and train users in ‘alien’ aspects of the concept such as the 
use of a pre-shop pool. Hence, a second contribu tion of this paper is to refine the theory 
surrounding WLC to make it more  applicable to practical settings; to develop a deeper 
understanding of the available theory on the implementation process and provide evidence 
that this theory works in practice.  
Managerial implications follow from these contributions. Firstly, the importance of a 
contingency-based approach to PPC is conf irmed. Comprehensive WLC approaches are 
closely aligned with the MTO environment in which competitive bidding takes place at the 
customer enquiry stage; and it is  this alignment that leads to improved performance in this 
context.  Secondly, for managers of MTO comp anies, the set of WLC implementation issues 
described in Table IV can be  used to guide the process of implementation. Thirdly, the 
importance of an appropriate PPC approach is ar gued to be even more essential in times of 
more extreme competition, such as a recession. The customer enquiry stage, in particular, 
became more widely used at this stage of the project as the need for dependability became a 
pertinent competitive priority. 
Further research into the concept is still n eeded, given that some aspects of the system 
could be used more aggressively. For example,  the workload length limits could be tightened 
to see whether lead times can be reduced further; and users could redu ce their quoted DLTs so 
they are closer to the actual DLTs. This needs to be researched in a context in which speed is 
a key competitive priority. In addition, there is scope for multi-case stu dy or survey research 
to determine whether the implementation issues identified in this paper have wider resonance. 
In time, with more widespread industrial use of  the concept, a survey of the effects of WLC 




Baskerville, R., and Wood-Harper, T., (1996), A critical perspective on action research as a method for 
information systems research, Journal of Information Technology , 11, 3, 235 – 246.  
Bechte, W., 1988, Theory and practise of load-oriented manufacturing control, International Journal of 
Production Research , 26, 3, 375 – 395.  
Bechte, W., 1994, Load-oriented manufacturing control just-in-time production for job shops, Production 
Planning and Control , 5, 3, 292 – 307. 
Bertrand, J.W.M., and Van Ooijen, H.P.G., 2002, Workload based order release and productivity: A missing 
link, Production Planning and Control , 13, 7, 665 - 678.  
Chakravorty, S.S., and Hales, D.N., 2008, The evolution of manufacturing cells: an action research study, 
European Journal of Operational Research , 188, 1, 153 – 168 
Checkland, P., 1991, From framework through experience to learning: the essential nature of action research, in 
Information system research: Contempora ry approaches and emergent traditions , (eds) Nissen, H.E., Klein, 
H.K., and Hirschheim, R., North-Holland, Amsterdam (ISBN: 0444890297 ) 
Cigolini, R., and Portioli-Staudacher, A., 2002, An experimental investigation on workload limiting methods 
with ORR policies in a job shop environment, Production Planning and Control , 13, 7, 602– 613. 
Coughlan, P., and Coghlan, D., 2002, Action research for operations management, International Journal of 
Operations and Production Management , 22, 2, 220 – 240. 
Coughlan, P. and Coghlan, D. (2009 ), ‘Action Research’, in Karlsson, C. (ed.) Researching Operations 
Management, Routledge, Oxon, UK, (ISBN: 978- 0-415-990 56-1).  
Coghlan, D., and Coughlan, P., 2006, Designing and implementing collaborative improvement in the extended 
manufacturing enterprise: Action learning and action research (ALAR) in CO-IMPROVE, The Learning 
Organization,  13, 2/3, 152-165. 
Coronado, R.B., and Antony, J., 2002,  Critical success factors for the succe ssful implementation of six sigma 
projects in organisations, The TQM Magazine , 14, 2, 92 - 99.  
Eden, C., and Huxham, C., 1996, Action research for management research, British Journal of Management , 7, 
1, 78 – 86.  
Fowler, J.W., Hogg, G.L., and Mason, S.J., 2002, Workload control in the semiconductor industry, Production 
Planning and Control , 13, 7, 568 – 578. 
Fredendall, L.D., Divesh, O., Patterson, J.W., 2009,  Concerning the theory of workload control, European 
Journal of Operational Research , (Article in Press). 
Fry, T.D., Smith, A.E., 1987, A procedure for implementing input/output control: A case study, Production and 
Inventory Management Journal , 28, 4, 50 – 52.  
Goldratt, E.M., and Cox, J., 1992, The goal , North River Press, New York. 
Gummesson, E., 2000, Qualitative methods in management research , 2 nd Edition, Sage Publications Ltd., 
London (ISBN: 0761920145) 
Hendry, L.C., and Kingsman, B.G., 1991, A decision support system for job release in make to order companies, 
International Journal of Operations and Production Management , 11, 6 - 16.  
Hendry, L.C., Kingsman, B.G., Cheung, P., 1998, The e ffect of workload control (WLC) on performance in 
make-to-order companies, Journal of Operations Management , 16, 63 – 75.  
Hendry, L.C., Elings, P., and Pegg, D., 1993, Production planning for an artists studio – A case study, European 
Journal of Operational Research , 64, 12 – 20.  
Hendry, L.C., Land, M.J., Stevenson, M., and Gaalman, G., 2008, Investigating implementation issues for 
workload control (WLC): A comparative case study analysis, International Journal of Production 
Economics , 112, 452 – 469. 
Henrich, P., Land, M.J., Gaalman, G., 2004, Explor ing applicability of the workload control concept, 
International Journal of Production Economics , 90, 187–198.  
Huq, Z., Hoq, F., and Cutright, K., 2006, BPR through ERP: Avoiding change management pitfalls, Journal of 
Change Management , 6, 1, 67 – 85.  
Kim, H.M., Fox, M.S., and Gruninger, M., 1995, Ontology of quality for enterprise modelling, in Proceedings of 
WET_ICE , Los Albamitos, CA, USA, 105 – 116.  
Kingsman, B.G., 2000, Modelling input-output workload control for dynamic capacity planning in production 
planning systems, International Journal of Production Economics , 68, 1, 73 - 93. 
Kingsman, B.G., and Hendry, L.C., 2002, The relative contributions of input and output controls on the 
performance of a workload control system in Make-To-Order companies, Production Planning and Control , 
13, 7, 579-5 90.  
Kingsman, B.G., Hendry, L.C., Mercer, A., De Souza, A., 1996, Responding to customer enquiries in make-to-




Land, M.J., and Gaalman, G.J.C, 1996, Workload cont rol concepts in job shops: A critical assessment, 
International Journal of Production Economics , 46 – 47, 535 – 538. 
Land, M.J., and Gaalman, G.J.C., 2009, Production planning and control in SMEs: Time for change, Production 
Planning and Control , 20, 7, 548 – 558. 
Lewin, K., 1946, Action research and minority problems, Journal of Social Issues , 2, 34 – 46. 
Levin, M., 2003, Action research and research community, Concept and Transformation , 8, 3, 275 – 280.  
Lock, D., 2007, The essentials of project management , Third Edition, Gower Publishing Ltd, England (ISBN: 
9780 566 088 056 ) 
Lu, H. L. , Huang, George Q. and Yang, H. D.(2010) 'Integrating order review/release and dispatching rules for 
assembly job shop scheduling using a simulation approach', International Journal of Production Research , 
First published on: 17 February 2010 (iFirst) 
Lundkvist, A., and Yakhlef, A., 2004, Customer involvement in new service development; a conversational 
approach, Managing Service Quality , 14, 2/3, 249 – 257.  
MacCarthy, B.L., 2006, Organisational, systems and human issues in production planning, scheduling and 
control, in Handbook of Production Scheduling  ( Editor: Jeffrey Hermann ), International Series in Operations 
Research and Management Science, Springer publications, New York, 59 – 90. (ISBN: 0387 331158) 
Maier, R., and Remus, U., 2003, Implementing process-oriented knowledge management strategies, Journal of 
Knowledge Management , 7, 4, 62 – 74.  
McAdam, R., Keogh, W., Reid, R.S., and Mitchell, N., 2007, Implementing innovation management in 
manufacturing SMEs: a longitudinal study, Journal of Small Business and Enterprise Development , 14, 3, 
385 – 403.  
Moreira, M.R.A., and Alves, R.A.F.S., 2009, A methodology for planning and controlling workload in a job-
shop: a four-way deci sion-making problem, International Journal of Production Research , 47, 10, 2805 – 
2821.  
Moses, S. , Grant, H. , Gruenwald, L. and Pulat, S., 2004, Real-time due-date promising by build-to-order 
environments, International Journal of Production Research , 42, 20, 4353 – 4375. 
Olhager, J., and Persson, F., 2006, Simulating production and inventory control systems: A learning approach to 
operational excellence, Production Planning and Control , 17, 2, 113 - 127.  
Park, C., Song, J., Kim, J. and Kim, I., 1999, Delivery date decision support system for the large scale make to 
order manufacturing companies: A Korean electric motor company case, Production Planning and Control, 
10, 6, 585-5 97. 
Perona, M., Saccani, N., and Zanoni, S., 2009, Combining make-to-order an d make-to stock inventory policies: 
an empirical application to a manufacturing SME, Production Planning & Control , 20, 7, 559 – 575. 
Rauch-Geelhaar, C., Jenke, K., and Thurnes, C.M., 20 03, Gaming in industrial management – Quality and 
competence in advanced training, Production Planning and Control , 14, 2, 155 – 165. 
Rijswijk, W.V., Frewer, L.J., Menozzi , D., and Faioli, G., 2008, Consumer  perceptions of traceability: a cross-
national comparison of the associated benefits, Food Quality and Preference , 19, 5, 452 – 464.  
Rother, M., and Shook, J., 2003, Learning to see: value stream mapping to create value and eliminate muda , 3 rd 
Edition, The Lean Enterprise Institute, Inc., Brookline, MA (ISBN: 0966784308) 
Schroeder, R.G., Linderman, K., Liedtke, C., and Choo, A.S., 2008, Six sigma: definition and underlying theory, 
Journal of Operations Management , 26, 4, 536 – 554.  
Soepenberg, G.D., Land, M.J., and Gaalman, G.J.C., (2006 ), The order progress diagram: A supportive tool for 
diagnosing dependability in make-to-order companies, Pre-prints of the 14 th International Working Seminar 
on Production Economics , Innsbruck, Austria, 3, 315 - 325. 
Soepenberg, G.D., Land, M.J., and Gaalman, G.J.C., (200 8), Evaluating a framework to diagnose delivery 
reliability performance: Results from three case studies, Pre-prints of the 15 th International Working Seminar 
on Production Economics , Innsbruck, Austria, 1, 473 – 484. 
Spearman, M.L., Hopp, W.J., and W oodruff, D.L., 1989, A hierarchical control architecture for CONWIP 
production systems. Journal of Manufacturing and Operations Management, 2, 147 - 171. 
Stevenson, M., 2006, Refining a worklo ad control (WLC) concept: A case study, International Journal of 
Production Research , 44, 4, 767 – 790.  
Stevenson, M., and Hendry, L.C., 2006, Aggregate load oriented workload control: A review and a 
reclassification of a key approach, International Journal of Production Economics, 104, 676 – 693.  
Stevenson, M., and Silva, C., 2008, Theoretical development of a workload control methodology:  Evidence 
from two case studies, International Journal of Production Research, 46, 11, 3107 - 3131.  
Stevenson, M., Hendry, L.C., and Kingsman, B.G., 2005, A review of production planning and control: The 
applicability of key concepts to the make to order industry, International Journal of Production Research , 
43, 5, 869 - 898. 
Sullivan, W.G., McDonald, T.N., and Aken, E.M.V., 2002, Equipment replacement decision and lean 
manufacturing, Robotics and Computer-integrated Manufacturing , 18, 3-4, 255-2 65. 
26 
 
Tenhiälä, A., Contingency theory of capacity planning: The link between process types and planning methods. 
Journal of Operations Management . (2010), doi:10.1016/j.jom.2010.05.003 
Thürer, M., Silva, C., and Stevenson, M., 2010a, Workload control re lease mechanisms: From practice back to 
theory building, International Journal of Production Research, 48, 12, 3593 - 3613.  
Thürer, M., Silva, C., and Stevenson, M., 2010b, Optimizing workload norms: The influence of shop floor 
characteristics on setting workload norms for the workload control concept, International Journal of 
Production Research,  (Article in Press).  
Weng, M.X., 2008, Multi-agent-based workload control for make-to-order manufacturing, International Journal 
of Production Research , 46, 8, 2197 – 2213. 
Westbrook, R., 1995, Action Research: A new paradigm fo r research in production and operations management, 
International Journal of Operations and Production Management , 15, 2, 6 – 21. 
Wiendahl, H.P., 1995 , Load oriented manufacturing control , Springer-Verlag, Berlin Heidelberg New York. 
Wisner, J.D., 1995, A review of the order release policy research, International Journal of Operations and 
Production Management, 15, 6, 25-40. 
Womack, J.P., and Jones, D.T., 2003, Lean thinking: banish waste and create wealth in your corporation , 2 nd 
Edition, Simon & Schuster, New York (ISBN: 9780743231640). 






Figure 1: Action Research Cycle for Rush Order ‘Impact Analysis’  
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Table I: Assessing the Fit of Company Y to WLC (Adapt ed from the framework by Henrich et al., 2004) 
 
             
  * Needs to be addressed through the implementation process.
Contextual 
Factors LUMS WLC ‘Best Fit’ Evidence in Co mpany Y Assessing the Applicability 
Order arrival 
intensity 
A high arrival rate of many relatively small jobs allows 
greater flexibility at job release and for workload 
balancing. 
Approximately 5 jobs/day on average; a high arrival rate of 
rush orders. 
Poor 





WLC pre-shop pool typically absorbs high inter-arrival 
time variability. 
Although there are 5 jobs per day on average, this varied 
between 0 and 34 jobs, implying that the inter-arrival times 
vary significantly from a few minutes to several days. 
Poor 





Low  tightness (adequate slack) provides flexibility at the 
job release stage. 
Low tightness as large difference between shop floor 
throughput times and delivery lead times. 
Poor 
Fit     ● 
Best 
Fit 
Variability of due 
date allowances 
Shop floor buffering using the pre-shop pool suits high 
variability of due date allowance. 
A diverse mix of urgent jobs (rush orders) and non-urgent 
jobs (e.g. repeat orders, i.e., kanban). 
Poor 





Short  processing times on average allow greater workload 
balancing and the use of aggregate workload measures.  
An average job processing time of 6 hours, which is 
considered relatively short, and few large jobs leading to low 
lumpiness. 
Poor 





High  variability of processing times provides flexibility to 
balance workloads; and to pr ovide resource & shop floor 
buffers. 
High unit processing time variation (e.g., 30 seconds – 6 
hours). 
Poor 




time ratio*  
A low  ratio between set-up and processing times is 
expected for WLC to be effective because joint release due 
to sequence dependent set-up times is not required 
Typical set-up time is 2 – 3 hours; average machine 
processing time is 6 hours per job, thus a relatively high 
setup time compared with the processing time.  
Poor 





High  variability provides a greater number of options and a 
greater mix of jobs for job release and workload balancing 
Usual sequence of operations in sections but routings within 
sections can be random. Overall, a general job shop. 
Poor 
Fit    ●  
Best 
Fit 
Routing length  WLC best serves short routing lengths, on average, so that simple priority rules after order release are sufficient.  Jobs have 3 or 4 operations in their routing, on average. 
Poor 





High routing length variability provides flexibility for load 
balancing; and resource & shop floor buffers.  Varies from 1 to 14 or 15 operations. 
Poor 





High flexibility is good for balancing workloads across 
work centres. 
Some inter-changeable machines, but grouped in the same 
work centres. However, semi-skilled people can move to 
different sections providing reasonably high flexibility. 
Poor 





Using the release stage as the main control point works best 
if there is a low level of convergence for parts that need to 
be assembled. 










Examples of Authors Including This Measure  
Time-related 
 
M anufacturing lead 
time 
Henrich et al . (2004b),  Land (2006 ) , Moreira & Alves (2009) , 
Sabuncuoglu & Karapinar (2000) , Thürer et al . (2010)  
Shop floor throughput 
time 
Bertrand & Van Ooijen (2002), Henrich et al . (2006 ), Henrich et 
al . (2007 ), Oosterman et al . (2000 ) , Thürer et al . (2009 ) , Weng 
et al . (2008 )
Pool delay Bertrand & Van Ooijen (2002) , Moreira & Alves (2009)  
Shop floor queuing time Enns & Prongue Costa (2002), Kingsman & Hendry (2002)  
Time to process 
customer orders 
Park et al.  (1999) 
Dependability 
L ateness (mean and/or 
%) 
Land (2006), Missbauer (2002), Sabuncuoglu & Karapinar 
(2000 ), Weng et al . (2008 )  
T ardiness (mean and/or 
%) 
Cigolini & Portioli-Staudacher (2002) , Fredendall et al . (2009 ),  
Missbauer (2002) , Weng et al . (2008 ) ; Ebadian et al.  (2009 )  
 
Cost-related 
Work-in-progress Cigolini & Portioli-Staudacher (2002), Kingsman & Hendry (2002 ) , Missbauer (2002)  




No. of jobs on the shop 
floor 
Enns & Prongue Costa (2002), Fredendall et al . (2009), Land 
(2006 )  
Shop utilization over 
time 
Cigolini & Portioli-Staudacher (2002), Kingsman & Hendry 
(2002 )  
Bottleneck shiftiness Fredendall et al . (2009 )  
Reallocation of 
operators 
Kingsman & Hendry (2002)  
Market-related Proportion of rejected orders 











































*Quantitative data is from 2010; qualitative evidence from interviews in 2009 
CE – customer enquiry; JR – job release; I/O – input/output control; All  includes CE, JR, Job entry and improved prior ity dispatching with I/ O control at each stage.
Category Measures 











• Mean manufacturing lead time 
(estimate);  
• Mean quoted delivery lead time; 

















• Time to process customer 
enquiries 
Not known Faster as information more readily available CE 
Dependability 
 
• Proportion early;  
• Proportion on-time; 
• Proportion late; 
• Mean lateness; 























Less overtime post-implementation, as more intelligent reallocation of operators 
and better pre-planning before problems arise.  
I/O – all levels 
Workload-
related 
• Number of orders; 











• Proportion of rejected orders; 
• Strike rate (estimate 2007, 
actual in 2008 & 2010). 
negligible 










• Co-ordination between 
production & marketing. 
Improved communication between the planning staff and the engineering staff 




• Co-ordination with customers Improved information flow down to the key customer, in terms of capacity 
availability and order progress visibility  
All 
Quality-related • Quality improvements; 
• Auditing process support. 
Less quality problems, as less rushing. 





Table IV: Summary of Key Issues  Related to WLC Implementation 
  
Category Key Implementation Issues Description of Implementation Issue 
A. Market/Customer 9 Characteristics of order quotations (A 1) Unspecified or unrealistic DDs 
9 Uncertainty at the customer enquiry stage (A2) Effect of long delays between a customer enquiry and order confirmation on workl oad 
calculations 
9 Rush orders (A3) Orders sometimes have greater urgency, e.g. replacement parts during a harvest season 
9 Seasonality and volume growth (A4) Seasonal demand and/or step changes in demand 
9 Hybrid production (A5) Mainly MTO, but some stock items also 
B. Primary Process 9 Assembly requirements (B1) Release decisions for separate parts which converge for assembly processes 
9 Sequence dependent set-up times (B2) Workload calculations when there are sequence dependent set-ups 
9 Alternative shop floor routings (B3) Grouping machines to allow flexibility of capacities 
9 Industry-specific process (B4) e.g. oven processes that require batching 
9 Uncertainty after the order release stage (B5*) Changing customer priorities that require some orders to be delayed in favour of new 
orders 
C. WLC System 9 WLC-related start-up issues (C1) Making an effective transition from current practices including long lead times to new 
ways of working, by changing the WLC parameters over time 
9 Incomplete routing data at customer enquiry (C2) Making appropriate DD assignment decisions when the routing information availa ble 
is incomplete 




9 Awareness of the concept of WLC (D1) Education needed for the workforce in the WLC concept as initial awareness low 
9 User visibility (D2) Balance between providing easily understandable information and sufficient of the 
underlying WLC logic to ensure WLC is appropriately used 
9 Support of task structures (D3) Integrating the WLC concept with current tasks, such as providing support for 
decisions involving both planning and sales 
9 End-user choice and involvement (D4* ) Appropriate selection of the end us er for each stage of the WLC process 
9 Accommodating functionality requests (D5*) Ensuring that add itional functionality requested does not conflict with the WLC 
concept 
E. Information Flow 9 System-related start-up issues (E1) Finding effective ways to fill the database at the onset of the project 
 Integration with other systems (E2) Integration of the WLC system with existing ERP or other database systems 
 A1-A5, B1-B4, C1-C3, D1-D3 & E1-E2 taken from Hendry et al.  (2008 ); 
“ 9” refers to issues encountered in this research (oth er issues not considered significant in this case); 







T a b le V: Summary of WLC Implementati on Issues and Respons es in Company Y 
 
Key Issues Company Y comments Respon ses: Addressing Implementation 
Issues 
Contribution 
A1: Characteristics of order 
quotations 
DDs initially determined using experience/’best guess’ 
and stated as “x weeks from date of confirmation”.  
Main aim to tell the customer what they wanted to hear 
rather than giving realistic quotes. 
• Personnel trained in importance of setting realistic DDs 
• Gradual change towards realistic quotations. 







A2: Uncertainty at the 
customer enquiry stage 
Customer confirmation lead times (CCTs) often 
unpredictable (varying from the same day to several 
weeks or longer). The strike rate can vary by customer 
or specific order; however, the current unconfirmed load 
that is likely to be won by the company is large enough 
to have a significant effect. 
• Determine individual CCTs for repeat customers. 
• Liaise with customers between enquiry and order 
acceptance decision, removing order from TWL when 
appropriate. 
• Apply different strike rate values for different customers 
and update the strike rate over time. 
Implementation 
strategy refinement 
to vary CCTs. Strike 
rate inclusion 
supports WLC theory 
previously proposed  
A3: Rush orders Sometimes short lead times are ‘imposed’ on the 
company by influential customers. Some of the DDs 
imposed have already passed when Company Y receive 
confirmation.  
• Customer involvement to encourage understanding of 
capacity constraints and ‘im pose’ more realistic DDs 
• Conduct rush order ‘impact analysis’ at the job entry 
stage. 
Refinement to WLC 
implementation 
strategy and WLC 
theory. 
A4: Seasonality and volume 
growth 
No seasonality, but at the start of the project, the 
company was in a period of steady growth and the shop 
was heavily loaded but visibility of future orders was 
low. However, the recession slowed growth in 2009. 
• Step changes in capacity made as volume required this, 
including working shorter hours during the recession.   
• WLC system tracked overtime used to assist in making 




A5: Hybrid production Not a major issue; some items produced on a repeat 
replenishment order basis – referred to as “kanban jobs”. 
Separate area of the factory used for the kanban jobs. 
• Bespoke and repetitive manufacturing decoupled; the 
WLC system focuses on bespoke production. The capacity 
made available in the WLC system is reduced according 
to the proportion of the workload made up of kanban jobs. 
Refinement to WLC 
implementation 
strategy 
B1: Assembly requirements  Few sub-assembly/assembly structures; most jobs 
involve sequential operations on a single component. 
• Release of parts co-ordinated.  Calculations for 
determining operation completion and latest release dates 
adapted to cater for the few assembly operations based on 
the critical path method. 
Supports strategy as 
previously proposed 
for capital goods 
manufacturer.  
B2: Sequence dependent set-
up times 
Planners try to group similar jobs together where 
possible to reduce the set-up times, whilst also 
considering other factors including the urgency of the 
order, value of raw materials, machine loadings  etc. 
• The WLC system supports interactive decision making 
at the job release stage with a comprehensive 
consideration of all these factors.  
• Processing time norms used  at customer enquiry stage 








B3: Alternative shop floor 
routings 
Some machines are inter-changeable, i.e., certain 
operations can be performed on several machines 
 
•  Machines grouped into 12 work centres based on inter-
changeability. Grouping machines reduces the number of 
workload lengths to be controlled and means jobs do not 








Some inspection operations only apply to part of the job 
(i.e., not to the full quantity). Some jobs include 
operations performed externally by the customer and 
have long and unpredictable lead times, making it 
difficult to plan the job. 
• A ‘participation percentage’ can be defined for partial 
operations (e.g., a 10% inspection quantity).  
• Jobs with long (external) lead-time operations are de-
coupled and treated as separate jobs when they return.  
WLC theory/ 
implementation 
strategy refinement.  
B5*: Uncertainty after the 
order release stage 
Scrap, reducing the size of a job at subsequent 
operations, is common. In addition, sometimes jobs have 
to be suspended on the shop floor or return to the pool 
part-finished (defined as fre ezing or suspending a job), 
such as when a customer requests that a more urgent 
order must take precedence.  
• The released workload lengths of downstream shop floor 
resources are reduced in the event of scrap or if a job is 
suspended indefinitely. 
New WLC theory 
refinement.  
C1: WLC-related start-up 
issues 
Current lead times are long.  However, dependability 
more important than speed. 
• Planned a gradual reduction of workload limits to gain 
control of lead times, but not implemented as speed was 
not a crucial competitive priority. 
S ame strategy as 
previously, but not 
fully implemented.  
C2: Incomplete routing data 
at customer enquiry 
Detailed routing data not available until after an order is 
confirmed. Engineers not initially involved in the early 
stages of planning. 
 
 
•  Data entry requirements in the WLC system reduced to 
encourage use at each planning stage, including the 
customer enquiry stage (e.g., throughput norms used when 
detailed data not available).  
•  Also possible to search, retrieve and alter previous 
similar jobs held in an archive to reduce duplication and 
ease the process of gathering routing data for similar jobs.  
•  Engineers gradually became more involved from an 
earlier stage of the planning process.  
Supports WLC 
theory refinement 
previously proposed.  
D1: Awareness of the 
concept of WLC 
Operations Director aware of the WLC concept from a 
part-time postgraduate course. Other employees have no 
prior knowledge. Planners unaware of WLC principles, 
e.g., have a tendency to release jobs as soon as materials 
are available. 
• Training via workshops and a hands-on simulation/ 
gaming using an interactive WLC training Tool. 
• Operations Director acted as  a project champion and was 
key to the system gaining credibility on the shop floor in 





D2: User visibility Planners keen to only learn on a ‘need to know basis’. •  Decision support provided without showing the user 
detailed calculations. 
• Comment boxes within the software available to help 
users. 





D3: Support of task Customer enquiries, material planning and release • Greater cooperation between sales, planning and Supports WLC 
8 
 
structures performed by different individuals.  Hence current task 
structures not sufficiently integrated. 





D4*: End-user choice and 
involvement 
Those responsible for the decisions that WLC supports 
were not all willing to be trained as end-users of the 
system.  In particular some of the engineers preferred to 
be advised through interaction with trained staff. 
• One main end-user who received most training and 
became a second project champi on at the tactical level. 
• Effective involvement of ot her staff through interactive 
use of the system e.g. at planning meetings. 
• System access via the Intranet, allowing multiple users, 
thought to be worth exploring in the future. 
New Implementation 
strategy refinement.  
D5*: Accommodating 
functionality requests 
Functionality requests included the provision of key 
company documents including route cards and dispatch 
notes. 
• Functionality requests that do not conflict with the WLC 
concept are accommodated, and tied to aspects of WLC to 
encourage appropriate use of the WLC concept.   
New Implementation 
strategy refinement.  
E1: System-related start-up 
issues 
Limited data available at the start of the project, with no 
IT support for planning.  
 
• Populate the system manually with initial orders and 
shop floor workloads. 
• Release current jobs on the shop floor manually to create 
initial values of workloads and workload lengths. 
Supports WLC 
implementation 
strategy previously 
proposed.  
 
 
